Resumen.-OBJETIVO: El objetivo de ésta revisión es ofrecer una puesta al día basada en la evidencia sobre cirugía láser para el tratamiento de la HBP, enfocada a la comparación entre vaporización fotoselectiva con láser verde (PVP) 
INTRODUCTION
Laser surgery for benign prostatic hyperplasia (BPH) has become more widespread over the last 5 years, thanks to the marketing of the Greenlight laser. The aim of this review is to provide an evidence-based update on laser surgery for BPH with a focus on comparing Greenlight Photoselective Vaporisation of the Prostate (PVP) to Holmium Laser Enucleation of the Prostate (HoLEP).
Laser prostatectomy is a frequently used generic term that includes all laser techniques for the surgical relief of bladder outlet obstruction due to BPH. It is more useful to consider the currently available lasers and laser techniques for BPH separately, as these can differ significantly.
Current Lasers for BPH Surgery
There are 3 wavelengths in current use: 1) Holmium:YAG (wavelength = 2140nm) 2) KTP (The Greenlight laser = 532nm) 3) Thulium (2140nm)
Although Thulium and Holmium have identical wavelengths their effects on prostate tissue differ. This occurs mainly due to a difference in their mode of emission (Holmium energy is emitted in a pulsed mode whereas Thulium is continuously emitted). This results in more rapid vaporisation with thulium and its ability to cut through prostate tissue like a hot knife through butter, but with more tissue charring compared to Holmium. The thulium laser is best suited to the techniques of ablation/vaporisation and resection (see below), but is not particularly well suited to enucleation. Thulium appears to vaporise tissue more rapidly than the Greenlight laser (personal experience). Holmium is the most effective laser currently for enucleation but it is slower than thulium at ablation and resection (personal experience). A laser's wavelength determines how its energy is absorbed by certain substances. Holmium and Thulium are both strongly absorbed by water and are therefore safe to use in an endoscopic environment through an end-firing fibre. Any energy not aimed directly onto the prostate is dissipated over a very short distance by the irrigating fluid. This means that the bladder is not exposed to any risk of laser injury when an end firing fibre is used in the prostatic urethra. On the contrary, the Greenlight laser, is poorly absorbed by water but is strongly absorbed by haemoglobin. If the Greenlight laser is used through an end firing fibre and directed up through the bladder neck it could penetrate through the irrigating fluid and damage the posterior bladder wall. This limits its use to ablation with a side-firing fibre only.
The holmium laser is very effective in the treatment of urinary calculi, but neither Greenlight or Thulium are effective. Holmium can be safely used to ablate small superficial transitional cell carcinomas (TCC) in the upper and lower urinary tracts. Thulium remains unproven for the treatment of TCC and Greenlight cannot be used for TCC.
Current Laser Techniques
There are 3 main types of laser technique. Not all of the lasers outlined above can be used for all the laser techniques (Table I) .
1) Ablation or vaporisation
All the lasers mentioned above can be used to perform ablation or vaporisation of the prostate. In this technique the laser beam is directed sideways onto the prostate tissue by the use of a side-firing fibre, and a channel is burnt through the prostate. This is the most basic laser technique and is easy to learn, but with the currently available lasers, is a slow tedious procedure that with the greenlight laser only removes around 0.5 grams of tissue/minute (1). Other disadvantages of laser ablation include: the lack of any tissue for histology, the use of expensive single use sidefiring fibres, a reoperation rate of 15% at 7 years (2), and operator dependence (there is no uniformly used method of judging when to stop ablating). Vaporisation is the only BPH technique that can be performed with the Greenlight laser.
2) Resection or vaporesection
In addition to ablation/vaporisation, Holmium and Thulium can both be used to resect prostate tissue (3, 4). Laser resection evolved as a method of removing prostate tissue more efficiently than is possible with laser ablation. In this technique an end-firing fibre is used to perform bilateral bladder neck incisions and the median lobe of the prostate is enucleated. Next, the lateral lobes are resected in small fragments which are subsequently irrigated from the bladder. This is the laser version of TURP. Although faster then ablation it is not as efficient at removing tissue as enucleation and is unsuitable for very large prostates (5).
3) Enucleation
During Holmium laser resection of the prostate (HoLRP) it became obvious that the surgical plane between prostate adenoma and capsule could be entered with the holmium laser fibre and that each prostatic lobe could be peeled from the capsule in its entirety whilst maintaining excellent haemostasis. With the development of a suitable tissue morcellator HoLEP, a truly novel and highly efficient surgical intervention for BPH, became feasible. Laser enucleation is the most technically advanced form of laser prostate surgery and also the most rigorously investigated to date. It is the endoscopic equivalent of simple open prostatectomy. Once the correct plane is entered the lobes can be almost bluntly pushed off the capsule by the holmium energy. The perceived learning curve has been seen as a disadvantage but there is evidence to suggest that HoLEP can be safely and effectively taught (6-8).
Thulium can be used to enucleate but is more difficult for several reasons:
• A stream of bubbles emanates from the end of the thulium fibre which may interfere with the view of the surgical plane.
• The thulium laser cuts and chars tissue, rather than pushing the lobes bluntly from the capsule. This makes it difficult to remain in the correct plane.
PVP versus HoLEP -A Review of the Evidence

Randomised trials
PVP
There is only a single published randomised trial for PVP, comparing PVP to TURP (9). This paper is difficult to interpret as the trial had not concluded at the time of its publication, and only 44 of 120 patients had been evaluated at 12 months. The definitive results are awaited with interest.
HoLEP
There are 8 published randomised trials comparing HoLEP to: TURP (10-14), transurethral vapour resection (TUVRP) (14), bipolar enucleation (15), open prostatectomy (16,17) and holmium bladder neck incision (HoBNI) (18).
The 4 HoLEP versus TURP trials report significantly less blood loss, catheter time, need for irrigation, nursing contact, and shorter hospital stay for HoLEP. The HoLEP operating times are consistently longer than for TURP but more tissue is removed with HoLEP. No TUR syndrome has ever been reported with HoLEP. Subjective and objective measures of success are at least equivalent to TURP. HoLEP is the first transurethral procedure to show improved urodynamic outcomes compared to TURP: Tan et al reported significantly greater urodynamic relief of bladder outlet with HoLEP at 6 months (10), although this was not reported in another trial (19).
In the randomised trial comparing HoLEP to TUVRP, HoLEP resulted in significantly less blood loss, less need for irrigation, less nursing time and shorter hospital stay (14).
Neill et al reported that enucleation was feasible using a Gyrus bipolar radiofrequency device but that it resulted in significantly longer operating time, need for irrigation and recovery room time than HoLEP (15). Outcomes at 1,3,6 and 12 months were equivalent.
There are two randomised trials comparing HoLEP to open prostatectomy for large prostates (16, 17) . Both report significantly longer operating time for HoLEP, but significantly less blood loss, shorter catheter and hospital times, and equivalent improvements in symptom and quality of life scores, maximal flow rates and post void residual volumes at 18 month (16) and 2 year (17) follow up.
Aho et al reported that HoLEP and HoBNI were feasible as day stay procedures for patients with glands less than 40 grams, and that HoLEP resulted in superior relief of bladder outlet obstruction particularly in those with prostates larger than 30 grams (18).
Perioperative management
As both the holmium and Greenlight lasers provide excellent haemostasis, catheter times, hospital stays and the infrequent need for irrigation are similar in reported Ho-LEP and PVP series. Both can be performed as day surgery procedures (18, 20, 21, 22) Subjective and objective measures of success There are no randomised trials comparing PVP and HoLEP. There are however a number of published case series for PVP (21-29). A comparison of the results of these and similar sized HoLEP series (Table II) suggests that both procedures result in similar symptom and quality of life improvements, but there is greater improvement in maximal flow rate and post void residual volume with HoLEP.
Complications
PVP
The most common complications of PVP are persistent dysuria (mean duration 2 months), and haematuria (mean duration 1 month). These have been reported in up to 30% and 18 % respectively (27). Rates of other reported complications include: ureteric injury 1.8% (28), recatheterisation 0-15.4% (29), urinary incontinence 0-6.5% (22), urethral stricture 0.7-4% (22, 25) and bladder neck contracture 0.9-3.5% (25, 26) . TUR syndrome does not occur with PVP.
HoLEP
Shah et al report a prospective case study of the complications of HoLEP in 280 patients (30). Despite including their learning curve, the overall complication rates are low. Capsular perforation occurred in 9.6%, superficial bladder mucosal injury in 3.9%, and ureteric orifice injury in 2.1%. Blood transfusion was given in 1.4 %, and cystoscopy and clot evacuation was performed in 0.7%. There was no TUR syndrome. Recatheterisation was required in 3.9%. The commonest complication was transient urinary incontinence (10.7%) which resolved in all but two (0.7%). Meatal/submeatal stenosis occurred in 2.5%, urethral stricture in 2.1% and bladder neck contracture in 0.35%.
Sexual Function
PVP
In a study of sexual function and PVP the International Index of Erectile function (IIEF) was completed by 45 patients just before and 6 months after surgery (31). All IIEF domains improved after PVP. Retrograde ejaculation is reported in up to 36 % after PVP. (22) HoLEP
The IIEF-EF score was also used by Briganti et al to evaluate the effect of HoLEP and TURP on sexual function as part of a randomised trial (32). TURP and HoLEP both significantly lowered the orgasmic function domain to a similar degree due to retrograde ejaculation. Marginal non significant improvements in erectile function were reported at 12 and 24 months by both groups.
Meng et al evaluated sexual function in 108
HoLEP patients using the Danish Prostate Symptom Score Sexual Function Questionnaire. (33) Satisfaction with libido, erections and sex life was unaltered at 6 months after HoLEP. Early morning erections were reported by 45% preoperatively and 62% 6 months later (p<0.01). Retrograde ejaculation occurred in 70%.
Volume Reduction
When considering transrectal ultrasound (TRUS) measured volume before and after surgery, it is clear that a significantly greater percentage of tissue is removed by HoLEP than PVP. (Table III) . PSA can be used as a surrogate measure of prostate volume reduction (34). The significantly greater decrease in PSA after HoLEP compared to PVP suggests that adenoma removal is more complete with HoLEP (Table III) .
Durability
PVP
Interpretable long term data on PVP outcomes are lacking. Malek et al report on follow-up to 5 years but only 51% of the original 94 patients were evaluable at 2 years, 34% at 3 years and 15% at 5 years (37). Most other PVP series provide follow-up data to 12 months only. Rajbabu et al evaluated 70% of their original patients at 2 years and reported a reoperation rate for BPH related problems of 7.4% (28). Ruszat et al reported 2 year follow-up with a reoperation rate for BPH of 2.7%, but only 19% of their original patients were evaluated at 2 years (38).
HoLEP
In contrast to PVP, longer term durability data are now available for HoLEP. 1.010 Ahyai et al have evaluated 72% of their original patients at 3 years in their randomised trial of HoLEP versus TURP (39). The reoperation rate for BPH in the HoLEP group was 1% compared to 0 in the TURP group. Most subjective and objective outcome measures were similar between TURP and HoLEP groups at 3 years, although post void residual was significantly less in the HoLEP group (not at a clinically relevant level). Vavassori et al report a reoperation rate for BPH for HoLEP of 2.7% at 3 years (40). Five year data from their randomised trial of HoLEP versus open prostatectomy trial for prostates greater than 100 grams is reported by Kuntz et al (41) . An impressive 62% of the original patients were evaluated at 5 years. There were no differences between groups in symptom scores, maximum flow rates, post void residual volumes or complications at 5 years. No patients in either group required a reoperation for BPH up to 5 years. Gilling et al report on 6 year follow up for HoLEP with 54% of their original patients evaluable (42). Reoperation rate for BPH was 1.4%, and 92% were satisfied or extremely satisfied with their outcomes at 6 years.
Large prostates
PVP PVP has been evaluated for large prostates in 2 centres (28, 26) . Both reported short catheter times and hospital stays, and few perioperative complications. Interestingly, both also reported improvements in clinical outcomes at 1 year that are less impressive than for PVP series with smaller prostates: Improvements in IPSS, Qmax and PVR reported by Rajbabu et al were 72%, 124%, and 63% ; and by Sandhu et al were 64%, 139% and 42% respectively. These results can be compared with those of other PVP series in Table 2 , and suggest that PVP results might not be size independent. Mean TRUS volume reduction in the study by Rajbabu was 45% indicating that a significant volume of adenoma remained after PVP. This raises a concern that durability may be an issue for PVP, particularly in large glands. Longer term data for large prostates is awaited.
HoLEP
Several authors have reported on the outcomes for HoLEP for large glands (35, 36, 41) . All agree it is safe and effective and volume reduction range from 69-82% (36, 35). As mentioned previously, Kuntz et al reported clinical outcomes at 5 years for prostates > 100 grams to be equivalent to open prostatectomy in a randomised trial, and no reoperations for BPH were required (41).
All 3 papers analysing the effect of prostate size on HoLEP suggest that HoLEP outcomes are independent of prostate size (43-45).
1.011
Retention
PVP
Ruzsat et al compared PVP performed for urinary retention (UR) and for lower urinary tract symptoms (LUTS) (38). There were no significant differences in length of stay (UR = 5.5 days, LUTS = 5.3 days), catheter time (UR = 1.7 days, LUTS = 1.8 days), the proportion of patients discharged with catheters (UR = 10%, LUTS = 8.8%), or complication rates. Only 19% of the original patients were evaluated at 2 years, but within a 2 year period the reintervention rate for recurrent obstructive BPH was 2.7%. Functional results up to 2 years were similar between groups. Although 10% in the UR group were discharged with catheters, it is not stated how many (if any) of these subsequently had a successful trial without catheter.
HoLEP
Two papers evaluate the use of HoLEP for patients in urinary retention pre-operatively. Elzayat et al report on 169 patients with mean pre-operative TRUS prostate volume of 101 cc (46). Mean catheter time and hospital stay were 1.6 and 1.7 days respectively. Three (1.8%) failed to void postoperatively. Peterson et al studied 154 patients with a mean pre-operative TRUS volume of 107.1 cc and a mean prostate volume reduction after HoLEP of 76% (47). Mean catheter time and hospital stay were 22.5 and 33.7 hours respectively. All patients were able to void post-operatively and remained catheter free at follow-up to 1 year, although only 22% of the original patients were evaluated at 1 year.
CONCLUSION
PVP and HoLEP are very different laser techniques for the treatment of obstructive BPH. As an ablative technique PVP is not a new concept and is an identical technique to HoLAP and thulium vaporisation. An important difference between the Greenlight laser and holmium and thulium is that it's only urological application is prostate ablation. HoLEP is the most advanced laser technique currently available. In contrast to PVP (for which there is only a single, yet to be completed, published randomised trial), it has been rigorously evaluated in 8 randomised trials. It is a size independent procedure suitable for any prostate, and highly effective at treating urinary retention. HoLEP has recently been reported to be durable to periods up to 6 years. More tissue is removed with HoLEP than PVP, and this raises concerns regarding the long term durability of PVP for which there is no comparable data.
The increase in HoLEP expertise world-wide and the development of lasers that are faster at ablating tissue and have other urological uses (eg thulium) may threaten the longevity of Greenlight PVP.
